Electrophysiological studies (1-4) have shown that chlorpromazine acts on the several subcortical structures such as the brainstem reticular formation, hypothalamus and limbic system but does not appear to have significant effects on the cerebral cortex and thalamic relay nuclei. A reduction of the spontaneous unit activity by the drug has been reported in the reticular formation by Bradley (5) and Adey et al. (6), in the globus pallidus by Adey and Dunlop (7) and in the lateral hypothalamus by Zukauskas and Machine (8). However, information about effects of chlorpromazine on single neurons in the nuclear structures of the brainstem is still insufficient. We have studied the effects of morphine, aminopyrine and metoclopramide on the unit activities of single neurons in the subcortical areas (9-12), and have investigated the possible sites of action of these centrally affecting agents.
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The present experiment is an attempt to elucidate the mode of action of chlorpro mazine upon the unit discharges in the Nucleus tractus solitarii, Nucleus vestibularis lateralis and Nucleus sensorius superior n. trigemini on the encephale isole preparations of cats.
METHODS
About 90 adult cats of either sex, weighing between 2.5 and 3.5 kg, were used. De tails of the experimental procedures were described elsewhere (9) (10) (11) . Under ether anesthesia a tracheal cannula was inserted and the head of the animal was fixied in a stereo taxic instrument of Tadai-Noken type. The left occipital skull and the tentorium cere belli were surgically removed. The animal was then immobilized by transecting the spinal cord at C1 or C2 level, and was sustained by artificial respiration. The animal was kept in a sound-proof room maintained at 28°C, and the recording of the responses was started 3 hours or more after the termination of the surgical procedures and ether inha lation.
The recording microelectrode was a monopolar glass-insulated silver or platinum wire, 20 to 25 u in diameter at the tip, and the electrical resistance ranged from 0.7 to 1 MQ. According to the topographic map of Snider and Niemer (13), the electrode was inserted stereotaxically into the following structures : the . Nucleus tractus solitarii (P: 10.0, L : 3.5) H : -4.0 to -5.0), the Nucleus vestibularis lateralis (P: 9.0; L : 4.0, H : -3.5 to -5.0) and the Nucleus sensorius superior n. trigemini (P: 5.0, L: 5.0, H: -4.0 to -5.0). The sites of electrodes were confirmed histologically after the termination of the experi ments. The unit discharges were amplified with an electromyograph (San'ei Sokki, Type UB-203-B) and then recorded on an ink-writing oscillograph utilizing a train pulse generator (Nihon Kohden, Type ST-1). The mean firing rate/sec of each single unit was calculated from the total number of spikes in a 10-second period.
Chlorpromazine hydrochloride and apomorphine hydrochloride dissolved in saline solution were injected into the femoral vein. The changes of frequency range and mean frequency of the unit discharges recorded from 10 to 30 minutes after the intravenous injection of the drugs were adopted as a criterion of the drug effect. For local application of apomorphine to the area postrema on the floor of the fourth ventricle, caudal part of the cerebellum was carefully sucked up and the obex was exposed. A filter paper of 1 X 2 mm in dimension, soaked previously in 1 % apomorphine solution, was placed on the area postrema for 2 minutes, and then the filter paper was removed. The effect of chlorpromazine on the firing rate of unit discharges in the ipsilateral Nucleus tractus soli tarii was examined by comparing the 20-second records obtained before, during and after the local application of apomorphine.
RESULTS

Unit discharges in the Nucleus tractus solitarii
More than 90% of the neurons in the Nucleus tractus solitarii showed a firing rate below 40/sec, and the mean frequency of 369 units was 15.7±1.5 (S. E.) /sec ( Table 1) . The amplitude of the discharges in different units varied from 0.1 to 2.0 mV.
The unit discharges were recorded at random from 137 and 145 units in the nucleus from 10 to 30 minutes after intravenous injection of 1 and 5 mg/kg of chlorpromazine, respectively. As shown in Table 1 , the mean frequency and its distribution of the unit discharges were not influenced by 1 mg/kg of the drug. Dose of 5 mg/kg slightly de creased the mean firing rate of the discharges to 13.4+0.9/sec, but this value was not significantly lower than that of the non-treated animals. As already reported in the previ ous paper (9), intravenous injection of 1 mg/kg of apomorphine markedly increased the mean frequency of the unit discharges in the Nucleus tractus solitarii. This increase (Table 2) . Antagonism between both the drugs on the spontaneous discharge frequencies was also observed by continuous recording for 30 to 40 minutes from same single neurons of the nucleus, as shown in Figs. 1 and 2 . Marked acceleration of the firing rate induced by apomorphine was inhibited within 10 minutes after the additional administration of chlorpromazine. Local application of apomorphine to the area postrema significantly increased the firing rate of the discharges in 36 of 50 units recorded from the Nucleus tractus solitarii and decreased it in 8 units, as can be seen in Table 3 . The remaining 6 units did not apparently respond to local application of apomorphine. The increased response of the firing rate was depressed by previous treatment of the animal with chlorpromazine. From 10 to 30 minutes after intravenous injection of 2 mg/kg of chlorpromazine, 8 of 10 units recorded from the nucleus did not respond to apomorphine and only one unit showed an increase in the firing rate. No unit responded to local application of apomor phine with an increase in the firing rate after the pretreatment with 5 mg/kg of chlorpro mazine. In 3 of 9 units, apomorphine produced a marked decrease in firing rate of the unit discharges and the remaining 6 units lost the responsive effect to apomorphine.
Unit discharges in the Nucleus vestibularis lateralis As shown in Table 4 Unit discharges in the Nucleus sensorius superior n. trigemini The mean firing rate of the spontaneous discharges of 248 units was 12.5±1.0/sec in the Nucleus sensorius superior n. trigemini. Intravenous injection of 1 and 5 mg/kg of chlorpromazine produced no significant changes in frequency of the discharges, which were 11.8± 1.6/sec and 11.8±2.2/sec, respectively (Table '5 ).
DISCUSSION ,
It is well-known that pretreatment of chlorpromazine blocks retching and vomiting induced by central emetics such as apomorphine, morphine and hydergine. However, emetic response to oral administration of copper sulfate and veratrum alkaloids was not prevented by chlorpromazine (14, 15) . These results suggest that the antiemetic action of chlorpromazine is directly on the chemoreceptor trigger zone which is the area postrema on the floor of the fourth ventricle. On the other hand, metoclopramide was reported to have the protective effects against vomiting caused by both intravenous apomorphine and oral copper sulfate (16, 17) , and it can be assumed that metoclopramide exerts its action on both the chemoreceptor trigger zone and the vomiting reflex arcs. The Nu cleus tractus solitarii is said the starting nucleus of vomiting reflex, and electrical stimu lation of this area was found by Borison and Wang (18) to produce vomiting consistently in decerebrated cats.
It is sometimes misunderstood that recordings of the unit discharges from single neu rons have limited value in pharmacological experiments, since it was possible that in the same anatomical structure the activities of some neurons were inhibited, others showed no change and still others were facilitated after the administration of the same drug. In our experiments, however, the analysis of drug effects was not limited to the discharges of a single neuron but of a population of neurons in the same nucleus. Further, it was possible to held constant amplitude of the unit discharges for one hour or more under the adequate experimental condition. It seems that the results obtained with present micro electrode technique show the approach in pharmacological studies as one yielding direct proof for the ' mode of action of some drugs.
In the present experiments, chlorpromazine did not produce significant change in the mean frequency and distribution of unit discharges in the Nucleus tractus solitarii. These results was quite different from the effect of metoclopramide which was shown in the previous paper (9) to produce a marked decrease in the discharge frequency of the same nucleus. However, supplement of chlorpromazine, completely blocked the acceleration of the spontaneous discharge frequencies in the Nucleus tractus solitarii induced by intra venous injection of apomorphine. Further, Chlorpromazine reduced the number of units responded to local application of apomorphine on the area postrema with the increase in firing rate of the discharges in the Nucleus tractus solitarii. These findings suggest that the antiemetic action of chlorpromazine is related to selective suppressive effect on the chemoreceptor trigger zone.
Definite fiber connection between the vestibular nuclei and the chemoreceptor trigger zone has been well-known. Chlorpromazine decreased the firing rate of unit discharges in the Nucleus vestibularis lateralis significantly. Similar deceleration of the firing rate in the nucleus by metoclopramide was reported in the previous paper (9) . In the Nucleus sensorius superior n. trigemini, no significant change was observed on the firing rate of unit discharges after the administration of chlorpromazine. It was demonstrated pre viously that morphine produced a decrease in frequency of the unit discharges in this nucleus, while aminopyrine and phenylbutazone did not (11, 12) .
Several investigators emphasized that the reticular formation, globus pallidus and hypothalamus might be important sites of action of chlorpromazine, since the drug reduced the spontaneous discharge frequencies in these structures and influenced on the circuits of impulses including the structures (5) (6) (7) (8) . The present results indicate that chlorproma zine also influences on the activities of the chemoreceptor trigger zone on the floor of the fourth ventricle and the vestibular nucleus.
SUMMARY
Effects of chlorpromazine on the unit discharges in single neurons of the nuclear struc tures in the brainstem were studied in the encephale isole preparations of cats. Chlor promazine did not produce a significant change in the spontaneous discharge frequencies of single neurons in the Nucleus tractus solitarii and the Nucleus sensorius superior n. trigemini. However, supplement of chlorpromazine blocked the acceleration of dis charge frequencies of the Nucleus tractus solitarii induced by intravenous administration of apomorphine and local application of apomorphine on the area postrema of the fourth ventricle. Chlorpormazine decreased the firing rate of unit discharges in the Nucleus vestibularis lateralis significantly.
